INTRODUCTION
Carbon dioxide is a greenhouse gas thought to be involved in global warming and climate change. 1, 2 Nevertheless, it offers a virtually inexhaustible, inexpensive, non-flammable and readily available C1 feedstock for organochemical processes. [3] [4] [5] [6] [7] The direct conversion of CO2 to five-or six-membered cyclic carbonates [8] [9] [10] is one of the most promising strategies for producing highly desirable solvents for electrolytes in Li-ion rechargeable batteries. 11, 12 Cyclic carbonates are also utilised as monomers in polymerisation reactions, 13, 14 as intermediates in the synthesis of fine chemicals 7 and as high boiling aprotic polar solvents. [15] [16] [17] There have been many varied reports of synthetic routes to yield cyclic carbonates, and the most important of these are summarised in Scheme 1. In addition, Lewis acidic catalysts including SnCl4 18 , cobalt porphyrin 19 and chromium / zinc / aluminum salen 20, 21 have also been reported to catalyze this cycloaddition reaction. However, most of these catalyst systems need bases or tetraalkylammonium halides as co-catalysts; and in some cases, either the use of expensive reagents or harsh reaction conditions were required for an efficient reaction. Ionic liquids 34 have been used for the synthesis of a myriad of organic chemicals. 35 Of specific interest here, there have been number of attempts to use ionic liquids to make cyclic carbonates. [36] [37] [38] [39] [40] [41] [42] Some key processes, to date, using homogenous ionic liquid systems are summarised in Table 1 . It is noteworthy, that there have also been a number of solid-supported ionic liquid systems [41] [42] [43] [44] [45] [46] employed for producing cyclic carbonates. Though they produce high yields of products, these systems also contain undesirable halides and/or metals. 
The work described in this paper, utilises ionic liquids with azolate anions, which in previous literature reports refer to as superbasic ionic liquids. 47 Even though they are more basic than common trialkylamines, the pKa values of their conjugate acids would not warrant them to qualify as superbasic substances. [48] [49] [50] Nevertheless, their associated anions possess sufficiently high nucleophilicity to attach weakly electrophilic CO2, enabling them to be used in CO2 gas capture and catalysis. 47, [51] [52] [53] [54] [55] In this paper, we refer to them as azolate ionic liquids (or salts).
The key step (see equation 1) in this reaction is the formation of a reactive carbamate intermediate by nucleophilic addition of the azolate anion to CO2. This carbamate intermediate also has been shown to react with other substrates, including propargylic alcohols, 2-aminobenzonitriles, 1,2-phenylenediamines, and 2-aminothiophenol, thereby producing α-alkylidene cyclic carbonates, 53 or α-hydroxy ketones, 54 quinazoline-2,4(1H,3H)-diones, 55 benzimidazolones, 55 and benzothiazoline, 55 respectively.
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[ P 6 6 6 14 Herein, we report a protocol involving metal-and halide-free azolate ionic liquid system for promoting the cycloaddition of CO2 to epoxides to generate cyclic carbonates. These ionic liquids (or salts) contain benzimidazolate (bzim) or triazolate (triz) anions and trihexyltetradecylphosphonium (P6 6 6 14) , tetrabutylphosphonium (P4 4 4 4) and tetrabutylammonium (N4 4 4 4) cations (See Figure 1) . C-NMR spectra were all recorded on a Bruker Ultrashield 400 plus spectrometer at 25.0 °C using dimethyl sulfoxide (dmso-d6) or Chloroform (CDCl3) as solvent.
EXPERIMENTAL SECTION
ESMS-mass spectroscopy measurements were carried out on a Waters LCT Premier instrument with an Advion TriVersa NanoMate injection system (cone voltage 50 V, source 120.0 °C).
Thermogravimetric analyses (TGA) were performed using a TGA/DSC thermogravimetric analyser from Mettler-Toledo, Inc. The samples were measured in alumina crucibles, at a heating rate of 5 K min The detailed results of the reaction between propylene oxide and CO2 are reported in Table 2 , which led to the establishment of optimal conditions. The reactions of other epoxides were studied under these conditions, and these results are detailed in Table 3 .
RESULTS AND DISCUSSION

Preparation of ionic liquids
Typically, tetraalkylphosphonium chloride was added to an excess of OH-anion exchange resin, to produce aqueous tetraalkylphosphonium hydroxide solutions, which were then neutralized by the addition of stoicheiometric amounts of either a diazole or triazole. A series of experiments were performed in order to find the optimal conditions for the reaction above and then, these conditions were later used to study the reactions of a range of other epoxides (see Table 3 ).
In specific detail, when the reaction was conducted under ambient conditions using [P6 6 6 14] [bzim], only trace amounts of propylene carbonate were observed by NMR spectroscopy ( Table 2 , entry 2). When the reaction was carried out at 80.0 o C and 1.0 MPa CO2 pressure, the product yield was elevated to 74.0% (Table 2 , entry 3). In a blank experiment, no product was observed in the absence of azolate ionic liquids ( (Table 2 , entries 6, 7), which may be ascribed to the strong interactions between their anions and cations inducing changes in nucleophilicities of anions.
The nucleophilicities are seen to be in accord with their basicities. The role of ionic liquid, in here is to activate CO2 through nucleophilic addition to the anion whilst the organic cation may help solubilization of substrates.
In all cases, the selectivity was > 99.0 %, no by-products were found in 1 H NMR spectroscopy, within its detectable limits, except propylene carbonate, with conversion to propylene carbonate varying between 14.0 and 98.0 %. The best conversion rates were obtained with the most basic anion, benzimidazolate, and at highest temperatures (see Figure 2A) . Notably, the yield of propylene carbonate increased dramatically with increasing temperatures. The increase of reaction temperature from 60.0 to 90.0°C, not only shorten the reaction time but also improve the conversion to cyclic carbonate greatly ( Table 2, Table 2 . The errors associated with measuring (i) temperature was ± 0.1 C; (ii) pressure was ± 0.02 MPa; (iii) NMR spectrometric integrals were ± 2 % Although higher pressures favored good conversions (see Figure 2B) , the yield was not overly sensitive to the CO2 pressure. The propylene carbonate conversion increased smoothly as the CO2 pressure increased from 0.25 to 0.75 MPa, while the CO2 pressure had little effect on propylene carbonate conversion from 0.75 to 1.0 MPa. This indicates that there is a optimum CO2 pressure influencing the efficiency of the reaction. 
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Thus, for reactions at elevated temperatures, tetraalkylammonium salts should be avoided.
Finally, the effect of the mole ratio of epoxide: ionic liquid was studied. Demonstrably, the ionic liquid performs the role of a basic catalyst, as the epoxide is in significant excess. The almost quantitative conversion of propylene epoxide with a [P4 4 4 4] [bzim] loading of 7.0% (Table 2 , entry 20) decreased to 57% when the concentration of [P4 4 4 4] [bzim] was 1.0% (Table   2 , entry 18). The conversion to propylene carbonate did not increase with further increase in the catalyst loading from 7.0% to 10.0% (entries 20, 21). This indicates requirement of an optimum catalyst loading for efficient reaction. From data in Table 2 and Figure 3 , it can clearly be seen that increasing the amount of ionic liquid increases the yield of product when other variables are kept constant. The yield of the cyclic carbonate levels out at 7.0-10.0 mol %, and even at 5.0 mol% the yield is only marginally reduced. Table 3 ). (Table 3) . Remarkably, given the diversity of the precursors, conversion greater than 70.0 % were observed in all cases, with most of the products obtained in greater than 90.0 %.
Reaction of other epoxides with CO
Even though the yields of cyclic carbonates obtained using other methodologies (see Table 1; alternative reaction conditions and catalysts) [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] are comparable to the yields obtained in this work, the catalyst system that is employed here is devoid of metal salts or halides. The novel route reported here is significantly greener and more sustainable than any of the literature alternatives. In particular, the system can be recycled and offers facile product separation. It was noteworthy that, even with a sterically hindered, disubstituted symmetrical substrate such as cyclohexene oxide (Table 3 , entry 7), the reaction could still proceed well, giving a reasonable conversion to the corresponding cyclic carbonate. Furthermore, epichlorohydrin (Table 3, entry 2) which carries an additional electrophilic centre also furnished a single product, viz cyclic carbonate, emphasising the superior selectivity. H-NMR spectroscopy. The errors associated with measuring (i) temperature was ± 0.1 C; (ii) pressure was ± 0.02 MPa; (iii) NMR spectrometric integrals were ± 2 % Postulated reaction mechanism. Based on the above data, a plausible mechanism for the reaction of epoxides with carbon dioxide, in the presence of basic ionic liquids, is proposed in Scheme 2. The first step in the mechanism would involve activation of carbon dioxide via nucleophilic attack of the azolate anion, producing an anionic carbamate intermediate. The oxygen of the carbamate group is electron rich, and undergoes a nucleophilic attack on the epoxide, causing it to ring-open. This is followed by an intramolecular cyclisation to produce a cyclic carbonate, whilst regenerating the original azolate anion. Alternatively, the azolate anion might attack the epoxide producing an oxo-nucleophile which then further reacts with carbon dioxide to yield the same final product. However, as there is no significant reaction observed between the azolate anion and the epoxide in the absence of CO2, this alternative mechanism would appear to be less likely. 
CONCLUSION
In conclusion, several azolate ionic liquids were synthesised and tested as promoters in the cycloaddition reaction of CO2 and epoxides. Using this protocol, a wide range of epoxide substrates, bearing alkyl, phenyl and halide groups, could be converted to the corresponding cyclic carbonates in good to excellent yields. The catalytic activity of the azolate ionic liquids is influenced significantly by the basicities of the anion, whereas the cation has largely a spectator role. Moreover, the ionic liquid could be recycled for several runs with little loss of activity. This suggests that treating epoxides with carbon dioxide in the presence of, in particular, tetrabutylphosphonium benzimidazolate, represents a new generic approach to the synthesis of cyclic carbonates. Moreover, the procedure not only utilises CO2, but is also highly efficient, green, halide-and metal-free, recyclable, and catalytic.
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